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1 


This invention relates to electrical signalling systems, 
and more particularly to apparatus for identifying the 
location of a first object with respect to one or more of 
a plurality of second objects. The invention may be 
utilized for a variety of different purposes, a number of 
which will be mentioned below. 

In the transportation and materials handling fields 
in general, and particularly in the efficient operation of 


’ g@ railroad, it often becomes desirable to know informa- 


tion such as where each train is at any time, or with what 
velocity the train is moving, or where individual rail- 
road cars are located. Sometimes it is of preat advantage 
te determine the location of goods or materials carried 
on railroad vehicles, trucks or conveyers. 

A considerable saving may often be effected if a central 
agency is apprised, at all times, of selected portions of 
the above information, since the railroad and trucking 
businesses Involve long distances covering a large terri- 
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"apply radio frequency energy to a transmit coil carried 


-‘on a movable device, such as @ railroad vehicle. 
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tory, usually without communication equipment readily — 


available. For example, scheduling of trains may be con- 
siderably simplified by remotely observing the density of 
traffic at crowded switching points. Information regard- 
ing. the locetion and identity of available railroad ve- 
hicles stored on sidings is immensely useful in determin- 

ing the type and amount of freight space available at any 
of the Ioading centers. Information on the instantaneous 
location of particular goods, such as raw materials or 
cattle shipped across ceuntry on separate trains or trucks 
may help the recipient to make necessary arrangements 


for unloading, storing or the like. 


Keferring pow more specifically to the railroad busi- 


‘ness, it has here:ofore been suggested that radio links 


be established between each engine or each train and a 
cemfral agency in order that the operators be able to 
inform the central agency of their location. While such 
systems have been quite useful, their effectiveness has 
been limited by the fact that each train operator must be 
relied upon always to furnish accurate information with 
regard to the location ot his train. Additionally, the 
Jocation of selected special purpese equipment, such as 
refrigerator cars or heavy-duty freight cars, may require 
further radio Hnks situated praximate to such loading 
or storage centers and be operated by railroad yard per- 
sonnel, since the train operator usually does not have 
the means or responsibility to ascertain or keep track of 
the identity of the individual cars on his train. 

The need for an automatic signalling system for fur- 
nishing accurate information with regard to train or truck 


Jocation or goods identification to a central agency has. 


long been recognized, and various systems have been pro~- 
posed. As far as is known, none have been very suc- 
cessful, except the systern disclosed in application Serial 
Number 715,899 filed February 18, 1958, by Clarence 
S. Jones for “Signalling Systern,” whic application was 
assigned to the same assignee as the present invention. 
The specific system disclosed in detail in the Jones 
application may be said to comprise an intérrogator- 


responter ae utilizing ap interrogator pene to 


40 


45. 


60 


55 


60 


65 


70 


In the 
Jones application, successive bursts of radio frequency 
energy are transmitted on different frequencies, which are 
cyclically repeated. As the vehicle carrying the transmit 
coil moves sufficiently close to any one .of a plurality 
of passive response blocks distributed along the right-of- 
way. certain of the radia’ frequeucy bursts operate reson- 
ant circuits within the response block to furnish power to 
operate a sinall responder oscillator, which transmits a 
Teiurn signal on a further radio frequency. By selective 
use of different tuned circuits in different response blocks 
the responder oscillator will provide a series pulse code 
signal for reception by a receiver associated with the in- 
terrogator aad used to identify each response block. As 
well as using the interrogator on a vehicle to determine 
vehicle position with respect to a plurality of fixed loca- 
tions, the Jones system contemplates Jocating the inter- 
Togater at a fixed location to identify objects passing by 
which are provided with suitable passive response blocks - 
and which pass within the signal field of the interrogator. 

The basic system disclosed in the Jones application 
offers an extreme advantage over prior systems in that 
it uses purely passive automatic response block units with- 
out being inaccurate or unreliable, so that numerous re- 
mote stations or locations may be provided with re- 
sponse means without attendant provision of electric bat- 
teries or wired power sources. While passive response 
units have heretofore been provided elsewhere, all of 
these, of which we are aware, required precise physical 
alignment and were adversely affected by various environ- 
mental factors, 

While the invention of application Serial] Number 
715,899 admirably accomplishes its purposes, and while 
it is ideatly suited for a wide variety of applications, cer= 
tain epplications benefit from modification of the Jones 
system. For example, the specific interrogator disclosed 
in detail in the Jones system transmits a series of radio 
frequency signal bursts, each of a different frequency, 
with a burst of radio frequency energy of 4 further fre- 
quency interposed between each code signal for auto 
metic gain control purposes... If a large number of differ- 
ently coded response blocks are to be used, so that the ~ 
system may employ a relatively large number of binary 
digits, a large number of different interrogator frequcn- 
cies muct be transmitted. This requireruent may be trou- 
blesome when the systern is applied to tic identification of 
very rapidly moving objects or to the identification of the 
location of an object which moves rapidly weil respect 
to a plurality of fixed locations. 

In order ta allow the use of economical circuitry and 
stil] preserve system reliability, the time leagth of each 
radio frequency signal burst must be maintained at or 
above a minimum value. In the case of rapidly moving 
bodies, the interrogator transmit coil and response pick- 
up coil may remain sufficiently close to a response block 
to interrogate the bicck only curing a short period of 
time, so that an insufficient number of interrogator fre- 
quencies can be transmitted if each frequency i is alloted 
its required duration. The present invention is in some 
respects 2n improvement over the Jones invention in that 
it overcomes the described limitation by jnierrogating a 
plurality of digits simultaneously. 

In certain other applications sizualiing syste:ns of this 
nature may be used to transmit data relating in the posi- 
tion of a movable object with respect to successive fixed 
locations. Scmetinies it is desirable to be able to de 
termine the rate at which an object is moving by noting 
the rate at which it passes by a number of fixed stations, 
If a precise velocity ce1ermination is to be made ata — 
given insta rt, rather than a mere average velocity determi- 
nelon, it may be Padasioad that venizle: ication must 
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- be aoted at different locations which are very close to 


each other, If responders are located very close to each 
ether, and if vehicle apeeds become great enongh, it is 
sometimes absolutely necessary that all identification or 
code digits be determined simultaneynsly, 

Jt is therefore one object of my invention to provide 
an improved signalling system for automatically identi- 
fying, locating or numbering a plurality of objects. 

At is another object of my invention to provide an 
improved signalling syste of the type in which a plural- 
ity of digits are interrogated simultaneously. 

_4t is still another object of my invention to provide 
an improved signalling system for interrogating a plural- 
ity of | digits 
interrogator. 

It is a further object of my invention to provide an 


_ improved signalling system wherein a simplified interro- 


simultaneously utilizing a simplified © 


10 


it; 


gator unit interrogates a response block with a burst of - 


electromagnetic energy of a single frequency and wherein 
the response block responds thereto with bursts of electro- 
magnetic energy of a selected plurality of diffcrent fre- 


20 


quencies corresponding to identification digits in which .. 


the signal provided by the response block is capable of 
wniquely identifying one of a large number of response 
blocks. ; 

It is 9 further object of this invention to provide an 

improved signalling system wherein the high power inter- 
regator signal is of a single frequency and the low power 
yesponder signals comp: :se a plurality of different fre- 
quencies to minimize interference effects. 
‘ It. is a further object of my invention to provide an 
improved siznalling system for interrogating a plurality 
of digits simultaneously wherein the interrogator trans- 
mit coils aad the responder pick-up coils may be sbarply 
tuned so as to allow greater sensitivity and accuracy. 

Ik is a still further object of my invention to provide 
an. inproved signatling system which is reliable in oper- 
ation, simple in design and economical in construction. 

Other objects of the invention will in part be obvious 
and will in part appear hereinafter. 

In accordance with one embodiment of the invention, 
an interrcgator unit, also called the interrogator, is 
mounted upon a moving vehicle whose location is to be 
deterinined at fixed intervals. The interrogator has a 
transmitter channel which originates and radiates a radio 
frequency interrogator signa! of a single frequency. A 
number of response blocks, also referred to as responders, 
may be located at various intervals along a railroad track 
or roadbed over which the vehicle passes. In case of 
railroad tracks, the preferred position. of each responder 
3s the top or inside of a selected track tie. 

The location of aud the distance between individual 


‘response dlocks is largely a matter of choice and depends 


where and iow often the location of the vehicle is 
desired. As wil] be explained below, the number of re- 
sponse blocks which may be utilized throughout a whole 
Failroad network are limited, ut Ieast to some extent, by 
the number of dig'ts with which the signalling system is 
provided, ; 

As stated above, the respective position of ths inter- 
Togator and responders may be exchauged so that the in- 
terrogator unit is fixed and each uf the moving vehicles 
carries a response biock. Such ar arrangement is pre- 
ferred when. goods are moved by conveyer or the like 
over or past the interrogator, or when freight cars are 
tg. he classified. upon entering or Jeaving a switchyard. 

When the interrogator is located near or directly above 
a response block, the pick-up coil of the responder receives. 
the interregitor signal and rectifies the same to provide. 
& Fresponse-actuating signal therefrom. .The response- 
actuating signal is utilized to power a selected plurality of 
Tesponder oscillaters which simultancously provide a plu- 
tality of selected radio frequeucy responder signals of 
different frequencies which identify a particularrespauder. 
The. presence or absence af a narticrelar responder sicnal 
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provides 3 ‘convenient binary code for identitying re i 


sponders uniyuely. Each oscillator corresponds to a digit 
and since a particuiar respond«r is provided with a se- 
lected number of oscillators of predetermined frequencies, 
the interrogator signal, after rectification, interrogates ail 
the digits simultaneously. -The respouse-actuating signal 
is the sole power required co operate the response oscil- 
lator, so that no batteries or wired power sources are 
necessary. 

The selected plurality of responder signals radiated by 
the respruse cscillators “are coupled electromagnetically 
to and are amplified by an interrogator receiver channel, 
which may be physically locaicd with the interrogator 
transmitter channel. In som« applications, it may be con- 
sidered advantageous to utilize a particular responder sig- 
nal to provice a contro! voltage for automatic gain control 
of the transmitter channel. The signal received and 
amplified by the reccive channel is actually a composite 
response signal and may be applied to a radic frequency- 
discriminator device which has a sep2rate output channel 


for each frequency ineluded in the selected plurality of 


resvonder signals comprising the composite response sig- 
nal. Each discriminator output channel is selectively re- 
sponsive to a predetermined one of the different responder 
signals. The composite responder signal, being a mixture: 
of selected responder signals, is thereby unscrambled or 
separated into individva) responder signals to provide & 
signal indicative of the pvesence or absence of a responder 
signal. This signal may be suitably rectified to provide 
an output voltage on each channel associated with a se-_ 
lected responder signat. The presence or absence of an. 
output voltage on a channel may be ulilized to set the 
stages of a code register as cither a “one” or a “zero” for 
providing 2 binary number which determines uniquely the | 
particular respense block being interrogated. ; 

The digital code set into the code register may be truns- 
mitted to a central agency by any of the many well known _ 
data link systems. Since the central agency in a railroad 

ignalling system of the kind here described usually de-~ 
sires information from a large number of railrcad trains, . 
and since it might be uneconomical to provide separate - 
data link receivers for each interiogator, it often will be. 
convenient to add an identification register to the code reg- | 
ister. An identification register may be mrovided with each 
interrogator, so that signals which identi:y the interrogator | 
are sent to the central agency to specify which interrogator 
is “reporting” to the central agency. The addition of such 
an identification register increases the number of bits 
which must be transmitted by tne data link system by the 
rember of bits necessary to identify a particular inter- 
rogator unit. ‘The additional register, however, does not 
complicate the interrogator itself since it is not a part of - 
the interrogator and only comes into operation in connec- 
tion with a data link system. 

No clectromagnetic interference problem is encoun- 
tered in the transmission of high power electromagnetic 
radiation from the interrogator to the responder since 
the interrogator signal is of a single frequency. From 
this point of view, the present invention presents zn addi- 
tional improvement over the. Jones systeri in that all 
interference problems are transferred from the high | 
power level of interregation to the low power level of re- 
sponding. . ; 

For 2 fuller understanding of the nature and objects 
of the invention reference should be had to the following 
detailed description taken in connection with the accom- 
panying drawings, in which: : 

Fig. 1 is a schezsatic electrical block diagram ilus- 
trating: one embodimint of the signalling system of this 
invention as it might be used in connection with a 
railroad data transmission system; 

Fig. 2a is an electrical schematic diagram of an em- 
bodiment of a coded passive responder which may~be 
utilized with the signalling system of this inveation; 

Fie. 7) is a binary code diagram of the responder em-_ . 
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bediments. of Fig. 22 and is inchided to aid in the ex- 
planation of the coding technique utilized in the respond- 


'. ers: and 


Fig. 3 is a graphical iustraton useful in understand- 


~ ing the operation of the automatic gain control feature 


of this’ invention. : : ’ 
The novel features which are believed io be character- 
istic of the invention, both as to its organization and 
method of oncration, together with further cbjects and 
advantages thereof, will be better understocd from the 
following descriplion considered in connection with the 


10 


accompanying drawings in which a preferred embodiment — 


of the invention is illustrated by way of example. It is 
to be expressly understood, however, that the drawings 
are for the purpose of illustration and description only 
and are not intended as a definition of the limits of my 
invention. a 

Referring now to the drawings, cnd particularly to 
Fig. 1 thereof, there is shown an erabodiment of a sig- 
nalling system in accordance with this inveniion. The 
signalling system essentially ‘comprises an interrogator, 
300 for providing and radiating an interrogator ‘signal 
in the form of an electromagnétic wave of a: single fre- 
quency and for receiving and decoding an electromag- 
netic wave in the form of a selected plurality of re- 
sponder signals, and a responder 102 for developing and 
radiating the selected plurality of responder signals upon 
receipt of the interrogator signal. As will be described 
hereinafter in more detail, interrogator 100 is capable 
of relative motion with respect to responder 102 and 
unless within a selected minimum distance therefrom, 
inay not electromagnetically couple sufficiently closely 
with responder 102 to actuate or to receive the selected 
plurality of responder signals. 

The portion of interrogator 100 which provides and 
yadiates the interrogator signal-is also referred to as the 
interrogaicr transmitter means, and may include a cou- 


vertional radio frequency oscillator means such as: 


15 


25 


80 


35 


Signal source 104 having a sinusoidal output voltage of * 


a predetermined amplitude and frequency. The oviput 
of signal source 104 is referred to as the interrogator 
signal and is of a single frequency. The interrogator 
Signal may be applied to a variable gain device 106 


which may include automatic gain control means respon- 


sive to an automatic gain con:rol difference voliage ap- 
pearing on the conductor 108. Device 106 may be uti- 
lized to controf the amplitude of the interrogator signal 


~ in accordance with the automatic gain control difference 


voltage. The purpose of providing automatic gain con- 
trol for the signalling system and the method of develop- 
ing the automatic gain control difference voltage will be 
explained below in connection with -Fig. 3. Variable 
gain device 166 may take any of many forms well-known 
to thoce skilled in the art, and which are sometimes 
referred to as variable gain attenuators or variable gain 
amp.cfiers. a 
The output signal of variable gain device 106, desig- 
mated as the amplitude controlled interrogutor signal, 
may be suitably amplified, if desired, by an’ amplifying 
means such as a conventional power amplifier 110 ‘to 
Increase the power Jevel of the interrogator Signal suffi- 
Ciently to cause a tadiater such as trensmit coil 112 to 
radiate the interrogator signa! as an electromagactic wave 
of desired strength. Transmit coil 112 is excited by the 


- Interrogator signal and may comprise, for example, a 


Parallel tuned inductance-capacitance network resonant 
at the intezrogator signal frequency. Since transmit coil 
112 radiates but a siagle frequency, it is advantageous, 
from a power transfer point of view, to utilize a sharply 
tuned coil, It is of course clear to those skilled in the 
art that the position of variable gain device 106 need 
not be intermediate between signal source 104 and um- 
Pufier 120 but may be inserted instead between amplifier 
410 and coil 112. The advantage of the relative position 
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of device 105 as shown in Fig. 1 is that contro! of low 
power signals may be more convenient. 2 

The combination ef signal source 104, variable gain 
device 106 which is controlled by the voltage appearing 
on Icad 108, amplifying mears 110, and transmit coil 
11% provides an interrogator transmitter means including 
automatic gain control means responsive to an automatic 
gain control difference voltage for generating and trans- 
mitting an amplitude controlled electromagnetic inter- 
rogator signal of a single frequency. 

A responder pick-up means such as pick-up coil 120 
muy provide the receiver element of responder 102 for 
receiving the clectromagnetic interrogator signal when 
electromagnetically coupled to transmit coil 112. Pick- 
up coil 120 may comprise a tuned circuit resonant at the 
interrogatcr signal frequency radiated by transniit coil 
412 and may be sharply tuned to effect an efficient trans- 
fer of power. As is well known to thase skilled in the 
art, a tuned circuit suchas pick-up coil 120 tehaves like 
a receiving antenna and may provide a pick-up means for 
receiving the electromagnetic interrogator signal. : 

The signal induced into pick-up coil 120 may be im- 
pressed on a rectifying means such as conventional recti- 
fier 122 which includes a filter to convert the induced 
alternating current interrogator signal to a direct current 
voltage to be referred to as the response-actuating volt- 
age. As will. become clearer hereinafter, the response- 
actuating voltage is the sole power furnished to the 
response-actuating portion of the responder 102. ; 

The response-actuating voltage is utilized to power -an 
oscillator means which may include a plurelity of re- 
sponder signal oscillators, only four of which ave shown 
and respectively desigaated by reference chsracter 124, 
126, 128 and 130. Each responder signal oscillator de- 
velops simultaneously a responder sigual of a different 
frequency in response to the response-actuvting voltage 
respectively designated fags. fi fa, and fs. As will be- 
come more evident from the description belew, the actual: 
number of responder signal oscillators required for a 
Signalling system depends on the desired number of dif- 
ferent responders to be interrogated. As will be de- 
scribed in detail in connection with Fig. a, responder 
oscillators 126, 128 and 130 are digit or coae oscillators 
and provide a sclected plurality of code responder signals 
which identify a particular responder uziquely. If the 
maximura number of different code oscillators utilized by 
a signalling system is designated by the letter p, a differ- 


‘ent selected plurality varying in number from 1 to p 


of these code oscillators are includéd in cach responder. 
Responder signal oscillator 124, aiso referred to as the 
automatic gain contre! oscillator, does not ordinarily 
participate in the identification process but rather pro- 
vides a responder signal utilized for automatic gain con- 
trol purposes, 

Bach: responder sigaal may be impressed upon an ag- 

sociated responder transmit means such as transinit coils 
respectively designated by the reference charactes 132, 
134, 136 and 138. ‘Transmit coils 132, 134, 136 and 
138 each comprise a suitable radiction element for radiat- 
ing one of the responder signals as electromagnetic radia- 
tion towards the receiver chancel of interrogator 190, -A 
more detailed descripiion of responder 102 is offered 
in coancction with Fig. 2, wherein the responder transmit 
coils comprise respectively the tank circuits of the as- 
sociated responder signal oscillators. 
_ In this manner, respender signal oscillators 124, 126, 
128 and 130 with their respective associated transmit 
coils provide an oscillator meuns resporsive to the re- 
sponse-actuating voltage and apersia to develop and 
radiate a selected plerality of responder signals of dif- 
ferent frequencies simultaneously. 

The povion of intcrrogator 160 which receives and 
decedes the responder signals may be termed the inter- 
rogator recciver mesar and includes a ‘pick-up means 
such as pick-up cod 159. Pick-up coil 150 provides the 
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receiver element for recciving the electromagnetic sigaal 
from responder 102% when electromagnetically coupled 
to transmit coils 132, 134, 136 and 138 and may com- 
prise a tuned circuit ‘relatively broedly tuned to receive 
any and ali of the responder signals. The term pick-up 
means is intended to include ons or more tuned circuits. 

The signal deveioped by coil 150 is really. a combina- 
tion of all the responder signals and is tnerzfore termed 
the composite responder signal. The composite respond- 
er signal may be applied to an amplifying meats such 
as a conventional receiver 152 so that the com- 
posite responder signal will be amplified to a desired 
power level. In some systems of the type here de- 
scribed, it may be desirable. to lower the frequency cf 
the received composite responder signal. This may te 
accomplished by utilizing a conventional beat frequency 
oscillator as part of or in conjunction with recetver 152 
as is well known to those skilled in the art. The output 
from the beat frequency receiver would be a reduced 
frequency composite responder signal. The main advan- 
tage of a low frequency is that audio instead of radio 
frequency filters may be utilized to separate the re- 
duced frequency composite, responder signal. It can 
be seen, therefore, that the combination of pick-up coil 
150 and receiver 152 provide an interrogator receiver 
means: which is associated with the interrogator trans- 
mitter mrmcans and which is responsive to the selected 
plurality of responder signals and operative to develop 
a@ composite responder signal. 

The received composite responder signal may then be 
separated or unscrambled or decoded into individual re- 
sponder signals by a plurality of narrow band-pass fre- 
quency filters of which thres are shown and desicnated 
respectively by reference characters 154, 156 and 158. It. 
is, of course, evident that for each responder signal 
which the svstem mav utilize there tiust be. an associated 
band-pass filter so that.a total or p filters are reauired. 
The designation shown inside the rectangles dcsicnating 
the filters in Fig. 1 indicates the center frequency of 
its pass band. The plural'ty of (ilters as such may be 
referred to as a responder signal filter means since it sup- 
presses from any one filter outnut-all responder signals 
except a selected one which it passes. ‘ 

Each filter such as 154 may be of conventional design 
and may comprise either a parallel-tuned or series-tuned 
inductance-capacitance passivé network, or in certain in- 
stances it may be desirable to utilize an active filter of the 
well-known type comprised of a feedback amplifier con- 
taining a twin-T RC network in its feedback path. Each 
of the tuned circnits is resonant at a different one of the 
responder signals, and operative to pass only the re- 
sponder signal at the resonant frequency of the tuned 
circuit. The plurality of filters. therefore may be seen to 
comprise a responder sixnal filler rmeans responsive to the 
compesite responder signal and opevative to derive a 
separate coding sienal for each one of the selected plu- 
rality of responder signals. Of couzse, if a beat frequeacy 
tectiver is used, then the filter means would comnrise 
audio filters. — 

The output from each of the fi'ters is, of course, an 
alternating current signal (coding signal) ef the frequency 
of the particular responder signal. Jt is someiimes de- 
sirable to rectify each of these aliernating current volt- 
ages to derive therefrom direct current voitages ref red 
to as ceding voltages. For this purpose, a rectifying 
means sich as the plurality of associated rectifiers desiz- 
mated respectively by the reference characters 160, 162 
and 164 may be utilized. In this manner the individual 
associated rectifiers provide a detector means responsive 
to each of said coding signals and opgrative to develop 
coding voltages. 

The coding voltages may be utilized in a varietv of 


“ways and represent, as the name suggests, a binary code 


indicating which ones of the p diiferent responder oscil- 
lators are mrecent in a nortienlar reanonse block. It 


Approved For Release 2009/04/10 : 


10 


15 


20 


30 


8 Sasa 
should now be obvious to those skilled in the art that the | 
number of responder signal oscillators, such as the one 
designated by reference character 134, determines how 
many different response olocks or responders may be 
uniquely identified. . For example, if a particular inter- 
rogatcr receiver mee ans is equipped to. uncode or sepa- 
rate three code responder signals from the composite re- 
sponder signal, a maximum of three. responder signal 
code oscillators may be utilized and only eight different 
combinations of coding voltages can be developed. Con- ° 
sequently only. eigbt different responders can be uniqueiy 
identified. -If an interrogator receiver means can separate 
or filter four different code responder. signals, then a 
maximum of four responder signal oscillators may be 
utilized and sixteen responders may be uniquely identified. 
As is well known, if the number of response blocks to be 
ideutified is X, the maximum number p of code responder | 
signal oscillators necessary to provide unique identification 
is given by the expression X=:2? where p is, of course, 
an integer. If 8,000 responders are to be uniquely identi- 
fied, a maximum of 13 different code responder signal 
oscillators are required and the receiver channel of inter- 
rogator 160 must be capable of being selectively respon- 
sive to 13 code responder signals. This number of course, 
does not include the automatic gain control responder 
signal which requires its own associated filter. ro 

The coding voltages from the rectifiers associated with 
the responder signal filter means, being a binary code, 
may be directly applied to the binary stages such as the 


ones designated by refcernce characters 166, 168, and ~ 


170 cf a code register 172. Obviously, the number of 
stages required for register 172 is the sdme as the num- 
ber of code responder signals which the interrogator re- 
ceiver means can decode, each stage being associated 
with a different one of the possible code responder signal 
oscillator which may be utilized. Each stage of register . 
172 may be set by either the occurrence or the absence 


_ of a coding voltage from an associated rectifier. - 
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It has been tound that the reliability of the signalling 
system of this invention may be improved by applying the 
coding or digital voltages fron: detectors such as 169, 162 
and 164 to the input circuits of a plurality of associated 
comparing means, such as the conventional differential 
amplifiers 174, 176 and 178, instead of directly to the 
respective stages of code register 172. In this manner, . 
the ceding or digital voltages may first be compared with 
a reference voltage of a selected amplitude from a source 
180 tc make certain Shat the coding voltages have orig- 
inated t1om code responder signals instead of merely 
being noise or stray pick-up. Unless the magnitude of a 
coding voltage from « given detector is above a selected. 
minimum level, indicating the presence of a responder 
signal and « desired degree of electromagnetic coupling: 
betw een interrogator 100 and responder 102, its associated 
differential amplifier will not provide a coding voltage 
difference signal, and the stages of register 172 will not be 
set erroneously by noise or stray pick up signals. Refer- 
ence voltage source 180 may, of course, include an adjust- 
ment nieans en as a potentiometer to provide an adjust- 


Fecvondes 4 3h renal provides a ceding voltage difference sig- 
nal may be elju:ted. The combination of the associated 
differential amplifiers 174, 176 and 178 and reference 
voltage source 18 therefore provides a compazing means 
responsive to cach of the coding voltages for comparing 
the mugnitude of each of the coding voltages with a refer- 
ence voltage ard is aperative to derive coding voltage 
cuiference signals. 

Since interrogator 100 and respoader 192 are capable 
of relative motion with respect to one another, the electro- 
magnetic coupling between interrogetor transmit coil 112 
and responder pick-up coil 120 may increase from a small 
value during the approach to a maximum value when the 
relative distance therebetween is a mirimum, and there- 


7h after mav decrease again as the two objects move apart in’ 
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Opposite direction. The same is, of course, true of the 
_ Slectromagnetic coupling between responder transmit coils 
. $82, 134, 136 and 138 and iaterrogator pick-yp coil 150. 
If the electromagaetic radiation from transmit coil 112 
remzins constant, the power level of the response-actuat- 
. jg voltage. developed by. rectifier 122 will change with 
the electromagnetic coupling. The power level of the in- 
dividual responder signals radiated by pick-up coils, such 
as 132,134, 136 and 138, depends on the power level of 
the response-actuating voltage and consequently varies 
also with the degree of electromagnetic coupling between 
tkarismit coil 112 and pick-up coil 120. Additionally, the 
power Jevel of the composite responder signal developed 
by pick-up coil 159 will depend on the power level of the 
individual responder signal and the electromagnetic cou- 
Bling betweca transmit coils 132 134, 136 and 138 and 


pick-up coii 150-which, as explained above, changes as the . 


relative. distance between interrogator 1¢¥ and responder 
YOX charges. 

It is therefore easily sten that during the time inter- 
rogator 100 and responder 102 are in close proximity to 
Ovie ariother, the power level of-the composite responder 
sipnal developed by pick-up coil undergocs a substantial 
change. ‘This change of power level, unless corrected or 
compensated for, is directly. refiected upon the magnitude 
of the. coding. voltages, and it is impossible to provide a 
refétence voltage level for the comparing means, such as 
differential. amplifier 174, to assure that a voltage from 
rectificr 160 is due to a code responder signal. The power 
level of the individual code responder signal developed at 
the output of the responder signal filter means, such as 
filter’ 154, is depictéd by curve a, Fig. 3. Curve a, Fig. 3, 
is a plot of the relative power level of a code responder 
signal as passed by « filter of the responder signal filter 
means plotted agains: distance beiween interrogator 100 
and responders. 102. 7, 

By: providing automatic-gain control, the power applied 
to amplifier 110 may be controlled so that the output of 
each filter of the responder signal filter means remains 
nearly constant during the time interrogator 100 and 
responder 162 are in close proximity. Curve 4, Fig. 3, 
depicts the power level of the responder signal filter means 
when automatic gain control is provided and shows a sub- 
stantially flat portion which corresponds to a selected 
minimum distance. One cause of power level variation, 
not heretofore mertioned, must be considered and is due 
to the different power requirements of different respond- 
evs. One-responder miay be provided with only a single 
code. oscillator whereas another résponder may include 
the maximum number: p of code-oscillators.. It is obvi- 
ous that a. response-actuating voltage of a given power 
level cannot cause radiation of p electromagnetic code 
responder signals ai the same power level as a single 
electcomagnetic code responder signal, Consequently, 
automatic. gain cuntrol must take the different power re- 
quirements of different responders into account so that 
curve b, Big. 3, will be the sante for all responders. 

The: advantages attendant with automatic gain control 
should now become apparent. Receiver 152 can ve fully 
utilized without fear of saturation which otherwise might 
clip or distort tne received responder signals. Alsv, the 
magnitude of the coding voltages from rectifiers 160, 162 
and 164 will remain constant during the time which cor- 
responds to the flat portion of curve b, Fig. 3 ana which 
hes been referred to as the selected minimum distance be- 


- tween the responder and the interrogator. In this maa- 


ner, the reference voltage from sources 180 may be set 
just a little below the level which corresponds to this flat 
portion, preventing a coding voltage difference signal ex- 
cept during the time when the automatic gain control is 
operative, and hence insuring that the register will not be 
set except under conditions of adequate signal strength. 

Automatic. gain’ control, to compensate: for the varia- 
tom ia the electromagnetic coupling and tke variation of 
the: differe wleamants AS Aiffarant rasnnndare 
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may be obtained by utilizing an automatic gain control: 


responder signal designated ‘by the frequency Sage anid 
supplied by automatic gain control responder signal ‘oscil- 
lator 124. Each responder is provided with a responder. 
oscillator 124 of frequency fage, Which oscillatoy does not 
participate in ithe coding and identification of the 
responder. A filter 182, which is « band pass filter about 
the center frequency fage. and similar in construction to 
the filters providing the responder signal filter means, . is 
coupled to receiver 152, Consequently, filter 182, will 
cause the separation of the automatic gain control 1e- 


sponder signal from the composite responder signal. The ° 


output ‘signal from filter 482, namely the dutomatic gain 
contro! responder signal, may be then applied, if desired, 
to a rectifier 184 which rectifies the alternating current 
signal to provide a rectified response voltage. The com- 
bination of filter 152 rectifier 184 and receiver 152 thereby 
provides a rectified response voltage corresponding to a 
predeterminad one of the selected plurality of responder 
signals. o 

The output from rectifier 184, the rectified response 


voltage, may be impressed upon the input circuit of a com-. 
paring means such as conventional differential amplifier, 


186 and compared with a reference voltage of selected 
magnitude from an adjustable voltage source 188. If 


the reference voltage exceeds the rectified response volt~ 


age, no signal appears on Jead 108, and variable gain de- 
vice 106 inserts minimum attenuation between oscillator 
104 and amplifier 120. When the rectified response volt- 
age exceeds the reference voltage, a control signal is 
obtained, referred to as the automatic gain control differ- 
ence voltage, which increases the attenuation of variable 
gain device 110. Such attenuation provides amplitude 
control of the interrogator signal and indirectly controls 


the amplitude of each respender signal transmitted from. 


responder 302 to interrogator 160. The combination 
of differential amplifier 186 and source 188 thereby pro- 
vides a further comparing means responsive to the recti- 
fied response voltage for comparing the megnitude of 


the zectified respanse voltage with the reference voltage’ 


and operative to derive the automatic gain control differ- 
ence voltage. oO 

As is easily seen, the level of the reference voltage from 
source 18% determines how soon, during the approach of 


interrogator 100 to responder 102, the automatic gain. 


control bezomes operative and how soon, as the inter- 
rogator 100 and responder 102 move in opposite direc- 
tions, the automatic gain control becomes inoperative. 
In other words, the level of the reference voltage deter- 
mines the length of the time interval during which the 
interrogator 1/0 and the responder 102 are cooperating 
with one another, The term “cooperating” as here used 
designates the time during which the binary stages of 
regisier 172 may be set. Of course, curve b, Fig. 3, deter- 
mines the level of reference voltage from source 188 
which controls the minimum power level at which read- 
ings might be set into the register 172. 

As previously mentioned, the ccding voltage difference 
signals from differential emplifiers 174, 176 and 178 set 
register 172 by recording either the presence or the ab- 


sence of a particular code res:onder signal. It is there-- 
fore necessary that register £72 be “clear” prior to the - 


setting of the binary stages thereof. In other words, when 
iaterrogator 100 and responder 102 «approach one an- 
other, no record of a previous recorded binary number 
should be present on the s.ages of register 172. For this 
purpose, an electrica! clearing pulse may be applied to 
each of che :tages of register 172 via bus 190 just prior 
to the time at which interrogator 100 and responder 362 
are cooperating with one another. This clearing prise 
may be derived from the output of a register cleaving 
means suck as a conventional monostable nultivibriter 
192 which provides a pulse upon Leing triggered by sme 
ccntrol voltage. One suitable control voltage may be 


ee Aecivad hy vftilizing the antamatic oain enntrol difference 
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voltage as shown in Fig. 1. Cf course, any signal corn- 
mensurate with the rectified response signal is suitable. 
Hf the automatic gair control difference voltage is utilized, 


the clearing of codi. register 172 may take place when . 


the automatic gain conirol becomes operative, which 
corresponds to the time at which interrogator 190 and 

responder 102 are comin3 into the cesired proxiruty for 
identification. 

It.-has been found that the reliability of the interrogator 
receiver means may be still further increased by including 
a gating means, such as 2n analog radio or audio fre- 
quency gate circuit 194, betreen recciver 152 and filters 
154, 156 and 158. Gate 194 may comprise any on. of 
a numbe: of well known networks which change its state 
of conduction during the receipt of a pulse of predeter- 
mined polarity and duration. The fuxction of gate 194 
is to restrict conduction from receiver 152 to the individual 
stages of register 172 to the time inverval when jaterro- 
gator 100 and responder 102 are at or beyond a selected 
minimum distance from one another. Gate 194 may be 
controlled by a control voltage appearing on lead 196 
which may be, but need not necessarily be, derived from 
monostable multivibrator 192. The control voltage for 
gate 194 appearing on Jead 196 may be referred to as the 
gate actuating signal and preferably takes the shape of 
a pulse whose duration is about the same as the time 
interval during which the automatic gain control is opera- 
tive aud coincides therewith. In this manner a -gating 
means is provided which is responsive to a gate actuated 
signal and operative to transmit the composite code. re- 
sponder signal during the time corresponding to the se- 
lected minimum distance. Of course, it is necessary that 
filter 182 be coupled directly to the receiver, ahead of 
gate 194, so that the automatic gaia control is always 
operative. 

In the interrogator 100 described heresbove, differential 
amplifier 186 has been utilized to provide automatic gain 
. control and to fire multivibrator 19%. It is to be under- 
stood, however, that such dual function arrangement has 
been shown ouly to retain simplicity of description and 
that separate amplifiers or separate trigger signal sources 
may be employed. Likewise, multivibrator 192 has been 
described as being suitable to simultaneously provide the 
clearing pulse to register 172 and the gate actuating sig- 
nal for gate 194. As will be obvious to those skilled in 
the art, there may be certaiu advantages in utiliziag sep- 
arate multivibrators or perhaps oiher kinds of triggers 
to provide the desired control signals. 

Additionally, suitable delay networks may be incor- 
poraied in the various control means ot obtain desired 
. Sequencing between the operation of the automatic gain 
control. the gating of the composite electrical responder 


4 nh nent cae and the clearing pulse. For example it may be de- 


“sirable to fire multivibrator 192 ahead of fu!l automitic 
gain control operation to clear the register prior” to re- 
ceiving the gate controlled responder signals. in this 
connection, the gate actuating signal may also be some- 
what delayed with Tespect to the clearing pulse. 

The description of Fig. 1 hereinabove has been ex- 
planatory of one embodiment of the signalling system in 
accordance with this invention, whereby a binary code is 
set into a code register 172 when interrogator 100 and 

- responder 102 are at a selected mininum distance from 
each other, 
railroad vebicle and responder 102 is tixed upon the tracks 
of the railroad network, the usefuliuess and versatility 
Of the apparatus of this invention can De extended by pro- 
Viding a data link to transmit the binary code of register 
172 to some centrally located agency so that the agency 
may be apprised at all times of. the location of the rail- 
road vehicle. Any number,of well known ‘data link sys- 
tems may be employed for this purpose as is well known 
to those skilled in the art. - 


Referirng now to Fig. 2a, there is shown one Plustrative 
embodiiient of a responder constructed in accordance 1 a0 illustrates the binan 
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‘cated by the f symbol in its tank circuit. 


- code responder signals having frequencies fs and f7.. 


12 


A pick-up means such as tuned cir- 
cuit 200 comprises an inductor L—1 and a capacitor C-i 
and provides the receiving element for ite clectromag- 
Netic interrogator signal. The impedance values of in- 
ductor L-1 and capacitor C-i selected that tuned 
circuit 2£U is resonant at the frequency of the interrogator 
signal, Fuued circuit 200 may be selected as a suitable 
embodiment. of pick-up coil 120, Fig. 1, either with or 
without an edditional antenna clement, depending upon 
the specific application of the invention, as is well known 
to those skilled in the art. In this manner, tuned circuit 
200 or a combination of the tuned circuit and an antenna 
element will provide 2 pick-up means responsive to elec- 
tromagnetic radiation in the form of a radio frequency 
interrogafor signal. apes 

A rectifying means such as the combination of diode 
X-1 and smoothing filter capacitor C-2 may be coupled 
to tuned circuit 200 to derive the response-actuating volt- 
age from the received interrogator signal. It is, of course, 
obvious that capacitor CZ may be replaced by any of 
many well-known smoothing fillers which in conjunction 
with diode X-1 provides a smooth direct output voltage. 
The combination of diode X-1 and capacitor C-2 pro- 
vides the rectifier means shown as block 122 in Fig. 1. 
The voliage appearing between leads 202 and 204 is the 
response-actuating voltage. 

Even though the responder constructed according to a 
preferred embodiment of this invention utilizes a rectifier 
to derive a direct current. response-actuating voltaye, it is 


ae 


‘possible to provide a responder which utilizes an aliernat- 


ing current response-actuating voliagze to power the re- 
sponder oscillator. 

The remainder of the responder of Fig. 2¢ comprises a 
plurality of resp:uoer signal oscillators. of which three 
are shown and respectively designated by reference 
characters 210, 212 and 214. The responder signal oscil- 
lators are coupled in parailel across leads 202 and 204, 
which provide the sole power to the oscillators. Oscil- 
later 210 comprises a tank circuit including inductor L-2 
and capacitor C-3 whose impedances dre selected to pro 
vide resonance at the frequency fag. Oscillator 210 
therefore is the auiomatic gain control responder signal 
oscillator which provides the automatic gain control re- 
sponder signal. If a jlurality of responders are 
utilized im a signalling system, each responder pref- 
erably includes an oscillator identical to oscillator 210 
to derive identical: signals for automatic gaiu coritrol 
Purposes. 

Oscillator 210, in addition to the tank circuit: desiz- 
nated by the resonance frequency fage also includes a 
NFN cr PNP transistor X-2 whose collector electrode is 
coupled fo one terminal of tank circuit fagg. The other 
ter. unal of tank circuit /,,, is coupled to one terminal 
of inductor L-3 and to lead 202. A parallel combina- 
tion of resistor R-1 and caracitor C-4 is coupled be- 
tween the other terminal of inductor L-3 and the base 
electrode of transistor X-1. Finally the emitter electrode 
is connected to iead 204. The circuit hereabove de- 
scribed is a transistorized versicn of the Hartley-type 
oscillator ard is merely explanatory. Numerous different 
oscillators may be substituted therefor, as for example, 
thase skown in chamber 14 of “Handbook of Semicon- 
ductor Efectronics,” Hunter, 1st edition, 1956, McGraw- 
Hill, New York. 

Code oscillators 212 and 214 may be similar in con- 
struction to oscillator -210 described hereabove, except 
that each has a different resonance frequeacy as indi- 
Both oscil- 
lutors 2f2 and 214 are code responder signal oscillators 
and provide code responder signals. The maximum num- 
ber of cade responder signal oscillators is designated as p 
as descrited in counection with the responder signal filter 
means. The responder - illustrated in Fig. 2a provides 
Fig. 
Beer which this Tepe ney would 
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ae 
set into register 172, Fig. 1, if within th: selected mini- 
mym distance of the interrogator. Responder signals fy 
and f; therefore provide. tr> selected phurality of code 
responder signals for the responder of Fig. 2a. 

A tuned circuit comprising inductor C—3 and capacitor 
L~2 may be utilized as the associated responder transmit 
coil, so that no auxiliary transmit coil is required. Of 
course, an antenna may be coupled to the tank circuit of 
the individual responder oscillator to provide the actual 


adiation element, if so desired. As only a single re- 


sponder signal is radiated by each of the tank circuits, 
each of said circuits may be tuned sharply to provide a 
high gain and a resulting saving of power. Additionally, 
2 high gain circuit will prevent intercoupling of the vari- 
ous tank circuits of the responder signal oscillator means 
if the frequency separation between the responder signals 


is kept small. That a smail frequency separation is de-. 


sirable is self evident becuuse broadly tuned interrogator 
pick-up coil 150, Fig. 1, is the receiving element for all 
responder signals. The freyuency band which may be 
utilized for the responder signals is therefore determined, 
at least to some extent, by the interrogator pick-up coil. 


_ The narrower the frequency band, the greater will be the 
’ power efficiency. Also, the greater the mumber of differ- 


ent responder signals that may be utiliced, the greater 
the number of responders which may be uniquely identi- 
fied. Consequently, if a large number of responders are 
to be empioyed in a system and the power efficiency is 
to be kept high, the frequency separation between adja- 
cent responder signals mutt be kept at a minimum which 
is only possible by utilizing sharply waecd tank circuits. 

The choice of frequencies for the various electromag- 
netic signals to be utilized with thé signalling system.of 
this invention is almost limitless. Some facters which 
determine a particular sclestion of frequencies are that 
as litile intercoupling as possible between the various 
signa) is desired. . For instance, if the mterrogator signal 
has been selected at the frequency of 120 kilocycles per 


_second, it is good practice te utilize a center frequency 


for all the responder signals which is different enough 
not te couple to pick-up coll 120. For example, a re- 
sponder signal center frequency of 70 kiiocycles per sec- 
ond would provide the desired isolation. Additionally 
the variovs resporder frequencies shonid not be har- 
monically related to one another and further have a fre- 
quency separation sufficient to prevent undesirable inter- 
coupling between the various responder transmit coils. 
If 1C code responder signais and one automatic gain 
control responder signal are desired the fcliowing is a 
typical selection of responder signals: the antomatic gain 
contro] responder signal may be selected as 70 kilocycles 
Per second and the various code responder signals as 
68.9, 67.8, 66.7, 65.6, 64.5, 71.1, /2.2, 73.3, 74.4, 75.5 
in Kilocycles per second. To provide a composite re- 
sponder signal comprising a selected number of the code 
Tesponder signals of identical amplitude, it has been 
found convenient to adjust:the components. of the indi- 
vidual responder oscillator to compensate for the slighily 
different power reccive pattern of broadly tuned inter- 
Fogator picx-up coil 150. Of course; an adjustable atten- 
ustor may be placed in series with each of the responder 
oscillators if so desired. : 

A oumber of well known circuits are available in the 
prior art to provide the elements shown in block form 
in the drawings. For example, the Jones application, 
Serial Number. 715,899, discloses exemplary circuits for 
regist2r 172, multivibrator 192 and variable gain device 
106 which may be used. 

There has been described a signalling system wherein 
an interrogator in relative motion with a plurality of 
responders identifies each responder by a binary céde. 
The identification is accomplished by interrogating each 
response block, at a time when within a selected minimum 
distance from the interrogator, by means of an electro- 
magnetic interrogator signal having a single frequency. 


Upon receiving the interrogator signa¥ and in responsé 
thereto, the responder provides a selocted plurality of re- 
sponder signals characteristic of a-particular responder. 


- ‘The interrogator picks up the selected plurality of re- 
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sponse sizunais and decodes the same to derive a binary 
code which provides information of the selected pluraiity 
of responder signals reczived. The selected responder 
signals uniquely identity the particular responder and by 
knowing either the location of the interrogator or the 
responder, the location uf the other is obtained. 

What is claimed is: . 

1, A passive responder comprising: pick-up means for 
receiving a radio frequency interreg:tor signal; rectifying 
means responsive. to said received interrogator signal and 
cperative to develop a response-acting voltage; and ascilla- 
tor means responsive to said response-actuating voltage 
and operative to develop and radiate a selected plurality of 
responder signals of different frequencies simuitaneously. 

2. A passive responder comprising: a parallel induct- 
ance-capacitance tuned circuit for receiving a radio fre- 
quency interrogator signal, said circuit being resonant 


at the frequency of said interrogator signal; rectifying, 


means coupled across said tuned circuit and operative to 


deyelop a response-actuating veltage whenever said tuned 


circuit receives said interrogator signal; and ose‘llator 
means responsive to said response-actuating voliage and 
operative to develop and radiate a selected plurality of 
responder signals of different frequencies simultencously. 

3. A passive: responder egaiprising: pick-up means re- 
sponsive to electromagnet’c radiation ia the form of a 
radio frequency interrogator signal; rectifying means 


coupled to said pick-up means to develop a response- 


actuating vollage commensurate with said interrogator 
signal; and a plurality of oscillators responsive to and 
solely powered by said response-actuating voltage, each 
of said oscitiators being operative to radiate simultane- 


ously an electromagnetic responder signal having a dif- 


ferent selected frequency. ot 

4. A passive responder comprising: receiver means re- 
sponse to electromagnetic radiation in the form of a radio 
fisquency interrogator signal. and operative to develop 
a direct current voltage; and a selected plurality of radio 
frequency oscillators coupled to said receiver means and 
powered solely by said direct current voltage, each cf said 
oscillators operative to develop and radiate an electro- 
magnetic responder signal having a different selected fre- 
quency. 

3. A passive. responder for. receiving electromagnetic 
radiation in the form of an interrogator signal and for 
radiating in response thereto electromagnetic radiation in 
the form of a selected plurality of responder signals, said 
responder comprising: a parallel-resonant inductance- 
capacitance tuned. circuit having a resonance frequency 
corresponding to said interrogator signal; a rectifying 
Means coupled to said tuned circuit and operative to 


derive a response-actuating voltage from said tuned circuit. 


when said tuned circuit is excited to resonance; and a 
plurality of oscillators means, each one of said oscilla- 
tors means being responsive to said response-actuating 
valtage and operative to develop one of said selected plu- 
rality of responder signals, each of said oscillator means 
including a further parz‘}el-resonant inductance-capaci- 
tance tuned circuit having a resonance frequency corre- 
sponding to tbe associated responder signal and being 
operative to radiate said associated responder signal. 

6. A signalling system for identifying a plurality of 
Passive responders by means of an interrogator capable 
of relative motion with respect thereto, each one of said 


' Plurality of responders being identified when said inter- 


70 


75 


rogator is approximately a selected minimum distance 
thercfrom,.said signalling system comprising: a plurality 
of responders, each responder being responsive to the 
same electromagnetic interrogator sigaal and each re- 
sponcer being operative to provide in tesponse thereto 


a different selected plurality of electromagnetic responder. 
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signals; and an interrogator fer developing and radiating 
said electromagnetic interrogator signal and operative to 
receive each of said different selected pluralitics of elec- 
tromagnetic responder signals, said interrogator being fur- 
ther operative to develcip an output quanitity for each one 
of the responder signals included within the selected plu- 
rality of responder signals from a particular responder 
when said interrogator is within said selected minimum 
distance from said particular responder, 

7. A signalling system for identifying at least one pas- 
sive responder by means of an interrogator capable 
of relative motion with respect thereto, said signalling sys- 
tem comprising: an interrogator iscluding a transmitter 
‘means for developing and radiating electromagnetic radia- 
tion in the form of an interrogater signal, and further ia- 
cluding a receiver means retponsive to electromagnetic 
radiation in the form of a selected plurality of responder 
signals and operative to develop an output quantity, for 
each one of said selected plurality of responder signals; 
and at least one responder including a pick-up means re- 
sponsive to said electromagnetic radiation from said trans- 
mitter means and operative to develop a response-actuat- 
ing voltage commensurate therewith, and further includ- 
ing an oscillator means responsive to said response-actuat- 
ing voltage and operative to develop and radiate said elec- 

- tromagnetic radiation in the form of said selected plural- 
ity of responder signals, said responder being powered 
solely by the electromannetic radiation from said trans- 
mitter means. , . 

8. A signalling systern according to claim 7 wherein 
said interrogator transmitter means comprises: an inter- 
rogator signai source means for developing said interroga- 
tor signai, amplifier means coupled to said interrogator 
means for suitably amplifying said interrogator signal, 
and an interrogator transmit coil responsive to caid am- 
pifed interrogator signal and operative to radiate said 
interrogator signal as electromagnetic radiation. 

S. A signalling system according to claim 8 wherein 
said interrogator transmit coil comprises a tuned circuit 
resonant ot the frequency of said interrogator signal. 

10. A signalling system according to claim 7 wherein 
said inierrogator receiver means comprises: an interroga- 
tor pick-up means for developing a composite. responder 
signal from said received electromagnetic radition, am- 
plifying means ‘responsive to said compostie responder 
signal and operative to provide aun amplified composite 
responder signal, responder signal filter means responsive 
to said aciplified composite responder signal ard operative 
to derive a separate coding signal for cach of said se- 
lected plurality of responder signals, and code register 
means responsive to each one of said coding signals. and 
operative to derive said output quantity for cach cane 
of said selected plurality of responder signals. 

11. A signalling system according to claim 10 wherein 
said code register means includes a register baving a 
plurality of binary stages, each binary stage being as- 
sociated with a different resporder signal, said stage 
being responsive to the rectified components of said cad- 
ing signals. . 

12. A signalling system according to claim 10 wherein 
said interregator pick-up tneans comprises a broadly tuned 

. circuit substantially at resonance at each one of the fre- 
quencies of said responder signals. ; : 

43. An interrogator-responder system comprising: in- 
terrogator transmitter means for transmitting 2lectomag- 
netic radiation in the form of a single frequency iuterro- 
gator signal; a passive responder responsive t> said in- 
terrogator signal and operable to provide ele-tromagnetic 
radiation in the form of a selected plurality oz responder 
signals differing from one another in frequency, said in- 
terrogator transmitter means and said responder being 
capabis of relative motion with respect 4o one another; 
interrogator receiver means associated with said interro- 
aator transmitter means and responsive to saiit selected 


10 


16 


: ~ 16 4 
composite responder signal; responder signal filter means . 
responsive to said composite electrical responder signal 
and operative to derive a separate coding signal for each 
one of said selected plurality of responder signals; de- 
tector means responsive to each of said coding signals and 
operative to develop coding voltages; and register means 
having a different binary stage associated with each re- 
spouder signal for indicating each one of said selected 


‘plurality of responder signals received by said receiver 


means, each stage being responsive to an associated cod- 
ing voltage. 

14. An interrogator-responder system comprising: in- 
terrogator transmittcr means including automatic gain 
control means responsive to an automatic gain control 
difference voltage for transmitting amplitude cortrolled 
electromagnetic radiation in the form of a singie fre- 
quency interrogator signal; a passive responder responsive 
to said interrogator sizna.' and operable to provide in 


. response thereto electrornagnetic radiation in the form 
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of a selected plurality of responder signals diflering from 
one another in frequency, said interrogator ‘transmitter 
means and said responder being capable of relative mo- 
tion with respect to one another so as to vary the electro- 
magnetic coupling therebetween; interrogator receiver 
means associated with said interrogator transmit means 
and responsive to said selected plurality of responder 
signals and operative to develop a composite responder 
signal and a rectified response voltage corresponding to 
a predetermined one of said selected plurality of re- 
sponder signals; comparing means responsive to said 
rectified response voltage for comparing the magnitude 
of said rectified responsive voltage with a reference volt- 
age and operative to derive said automatic gain control 
difference voltage; responder signal filter means respons- 
ive to said composite responder signal and operitive to 
derive a separate coding signal for each one of said 
selected plurality of responder signals; detector means 
responsive to each of said coding signals and operative to 
develop coding voltages; and register means having a 
different binary stage associated with each responder sig- 
nal for indicating each one of said selected plurality of 
responder signals received by said receiver means, each 
stage being responsive fo an associated coding voltage. 
15. An interrogator-responder system comprising: in- 
terrogator transmitter means including automatic gain 
control means responsive to an automatic gain control 
difference voltage for transmitting amplitude controlled 
electromagnetic radiation in the form of a single frequen- 
cy interrogator signal; a passive responder responsive to 
said interrogator signal and operable to provide in response 
thereto electrommagnctic.radiation in the form of a selected 
plurality of responder signals differing from one another 
in frequency, said interrogator transmitter means and 
said responder being capable of relative motioa with re- 
spect to one another; interrogator receiver means asso- 
ciated with said interrogator transmitter means and re- 
sponsive to said selected plurality of resnonder signals 
and cperative to develop a composite responder signal 


and a rectified response voltage corresponding to a pre- 


determined one of said selected plurality of responder sig- 
nals; first comparing means responsive to said rectified 
response voltage for comparing the magnitude cf said 
rectified responsive vollage with a first reference voltage 
and operative to derive said automatic gain control dif- 
ference voliage; responder signal filter means responsive 
to said composite responder signal and operative to de- 
rive a separate coding signal for each responder signal 
included within said composite responder signal, de- 
tector means responsive to each of said coding signals 
and operative to develop coding voltages; second compar- 
ing means responsive to each of said coding veitages for 
comparing the magnitude of each of said coding voltages 
with a second reference voltage and operative to derive 


coding voltage difference signals; and register means hav- _ 


plurality of responder signals and operative to develop a 75 ing a different binary stage associated with each responder 


-" Approved For Release 2009/04/10 : CIA-RDP81-00120R000100010006-0 >": 


te 


_ said gate actuating 
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sieual for indicating said selected plurality of responder 
signals received by said receiver means, cach stage beiag 
responsive to an associated eeding voliege diiescnce 


_ signal. 


16. An interrogator responder system compris sing? 
interrogator trans smitter means including automatic gain 
control means’ responsive to an automatic gain coatiol 
difference voltage for transmitting amplitude controlled 
electromagnetic radiation in the form of a singte fre- 
quency interrogator signal; a passive responder respou- 
sive to said interrogator signal and operable to provide 


10 


electromagnetic radiation in the form of a selected plu- ¢ 


rality of responder signals differing from one another 
in frequency, said interrogator transmitter means and 
said responder being capable of relative motion. with 
respect to one another; interrogator receiver means assa- 
ciated with said interrogator transmitter means and 
responsive to said selected plurality of responder signals 
and operative to develop a composite responder signal 
and a rectified response voltage corresponding to a pre- 
determined one ef said selected plurality of responder 
signals; first comparing means responsive to said rectified 
response voltage for comparing ihe magnitude of said 
rectified response voltage with a first reference voltage 
and operative to derive said automatic gain control dif- 
ference voltage and a gate actuating signal when said 
responder and said interrogator transmitter means are at 
a selected minimum distance from one another; gating 
means coupled to said receiver means and responsive to 
signal and operative to. transmit said 
composite electrical responder signal during the time cor-. 
responding to said selected minimum distance; responder 
signal filter means responsive to said gated composite 
resyonder signal and operative to derive separate coding 
signals for each one of said responder signals included 
within said composite responder signal; detector means 
responsive to each of said coding signals and operative 
to develop coding voltages; second compéring means re- 
sponsive to each of said coding voltages for comparing 
the magnitude of each of said coding voltages with a 
second reference voltage and operative to derive coding 
voltage difference signals; register means having a dif- 
ferent binary stage associated with each responder signal 
for indicating said selected plurality of responder signals 
received by said recciver means, each stage being re- 
sponsive to an associated coding voltage difference signal 
and a reset control signal; and register clearing means 
responsive to a voltage derived fron said rectified response 
weltzse and operative to provide said reset control signal. 

17. A signalling system for identifying at least one 


-passive responder with respect thereto, said signalling 


system comprising: interrogator transmitter means for 
generating and radiating an electromagnetic interrogator 
signal of a single frequency; at least one responder pick-up 
means electromagnetically coupled to said interrogator 
transmitter means and Fearne to said electromagnetic 
interrogator signal, said electromagnetic coupling increas- 
ing as the distance between interrogator and said re- 
sponder decreases; responder rectifying means coupled 
to said responder pick-up means and operative to de- 
velop a response-actuating voltage correspondirg to said 
electromagnetic interrogator signal; responder oscillator 
means responsive to said response-actuating voltage and 
operative to generate and radiate simultaneously. a se- 
lected pluratity of electromagnetic responder signals 
differing from one another in frequency, each responder 
having a different responder escillator meaus to provice a 
different selected plurality of electromagnetic responder 
signals for idznotifying a responder uniquely; and inter- 
rogator receiver means associated with said interrogator 
transmitter means and responsive to said electromagnetic 
responder signals, said interrogator receiver means being 
operative to develop a distinct ontput quantity for each 
responder signal in said selected plurality of electro- 
magnztic responder signals. 
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is, or signalling system for identifying at least - One 
passive responder by means of an interrogator in relative 
motion ‘with respect thereto, each of said  «esponder 


“ being identified when said interrogator is approximately at 


a selected minimum distance therefrom, said signalling 
system comprising: : interrogator transmitter means includ- 
ing automatic gain control means responsive to an auto- 
matic gain control difference voltage for generating 
and transmitting an amplitude controlJéd electromagnetic 
interrogator signal of a single frequency; at least one 
responder pick-up meaus electromagnetically coupled to 
said interrogutor transmitter means and responsive to 
said interrogator signal, said electromagnetic coupling in- 
creasing as the distance between said interrogator and 
said responder decreases; responder rectifying means 
coupled to said responder pick-up means and operative 
to develop a respense-actuating voltage corresponding 
to said electromagnetic interrogator signal; responder 
oscillator means responsive to said response-actuating volt- 
age and operative to generate and radiate simultaneously 
a plurality of electromagnetic responder signals differing 
from another in freqoency, said plurality of responder 
signals comprising an automatic gain control responder 
signal and a selected plurality of code responder signals, 
each. responder having a different responder oscillator 
means to provide a different selected plurality of code 


” responder signals which identify a responder uniquely; 


interrogator receiver means associated with said inter- 
rogator transmitter means and responsive to said electro- 
magnetic responder ‘signals, said interrogator receiver 
means being operative to develop an auton.atic gain con- 
tfol voltage corresponding to the received power level 
of said automatic gain control responder signal and a 
distinct output quantity for each of said code responder 
signals in said selected plurality of electromagnetic re- 
sponder signals, and comparing means responsive to said 


automatic gain contro] voltage for comparing the magni-. 


tude of said automatic gain’ control voltage with a refer- 
ence voltage and operative to derive said automatic gain 
control difference voltage. 

19. A signalling system for identifying a plurality of 
passive responders by means of an interrogator capable 
of relative motion with respect thereto, each of said re- 
sponders being identified when said interrogator is ap- 
proximately at a selected minimum distance therefrom, 
said signalling system comprising: interrogator transmitter 
means including automatic gain control means responsive 
to an automatic gain cuntrol difference voltage for gen- 


erating and transmitting an amplitude controlled electro- 


magnetic interrogator signal of a single frequency; a 
plurality of responder pick-up means, each responder pick- 
up means being capable of electromagnetically coupled to 
said interrogator transmitter means and responsive to said 
interrogate, vignal, suid electromagnetic coupling increas- 
ing as the distance between said interrogator and said re- 
sponder decreas¢s; a responder rectifying means coupled 
to each of said responder pick-up means, said responder 


_Tectifying means being operative to develop a response- 


actuating voltage corresponding to said eicciramagnetic 
intzrrogator signai; responder oscillator sicans responsive 
to said response-actuating voltage and operative to gen- 
erate and radiate simultancously a plurality of electro- 
magnetic responder signals differing from another in fre- 
quency, said plurality of responder signals comprising an 
automatic gain contrel responder signal and a selected 


’ plurality of code responder signals, each responder having 


70 
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a diZerent responder oscillator means to provide a differ- 
ent selected plurality of cod~. responder signals which 
identify a responder uniquely; interrogator receiver means 
associated with said interrogator transmitter means and 
responsive to said electromagnetic responder signals, said 
interrogator ‘receiver means being operative to develop 
an automatic gain control voltage corresrundiag to the 
received power level of said automatic gain cortro! ro- 

sponder signal and a distinct output quantity for each of 
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said code responder signals in said selected plurality of 
electromagnetic responder signals, said receiver mv ans 
‘also including gating means responsive to a gate actvating 
signal for preventing the developing of said output quan- 


’ ties unless said interrogator is within said -sclected min- 


imum distance from a responder; first comparing means 
responsivs io said automatic gain control voltage for com- 
paring the magnitude of said automatic gain control volt- 


- age with a first reference voltage and operative to derive 


said automatic gain control difference voltage; second 


-comparing means responsive to said automatic gain con- 


trol voltage for comparing the magnitude of said nuto- 
matic gain control voltage with a second reference voitage 


* and operative to derive said gate actnating signal, the level 


of said second reference voltage being selected to actuate 
said gate during said’ selected minimum distance, 

- 20, An interrogator-responder system comprising: in- 
terrogator transmitter means including ‘automatic gain 
control means responsive to an automatic gain control 
difference voltage for transmitting amplitude controlled 
electromagnetic radiation in the form of a single fre- 
quency isterrogator signal; a passive responder respon- 
sive to suid interrogator signa’ and operable to provide 
in response thereto electromagnetic radiation in the form 
of a selected plurality of responder sigaals differing from 
one another in frequency, said interrogator transmitter 
means and said respouder being capable of relative mo- 
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tion with respect to one ai 

Theans including beat frequency means associated with 
said interrogator transmitier means und responsive to said 
selected plurality of responder sigaa!s and operative to de- 


5 -velop a reduced frequency composite responder signal 


and a rectified response voltage corresponding to a pre- 
determined one of said selected plurality of responder sig- 
nals; first comparing means responsive to said rectified re- 
sponse voltage for comparing the magnitude of said rec- 


10 tified responsive voltage with a first reference voltage and 


operative to derive said automatic gain control differcnce 
voltage; responder ‘signal filter means responsive to said 
riduced frequency composite responder signal and opera- 
_ tive to derive a separate coding signa) for each responder 


15 signal included within said composite responder signal; 


detector meaus responsive to each of said coding signals 
and operative to develop coding voltages; second cormpar- 
ing means responsive to each of said coding voltages for 
comparing the magnitude of each of said coding voltages 


20 with a second refereace voitage and operative to derive 


coding voltage differencs signals; and register means hav- 
ing a different: binary stage associated with each responder 
signal tor indicating said selected plurality of responder 
signals 1eceived by said receiver méans, each stage being 


25 responsive to an associated coding voltage difference 


signal. — = 
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